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RADIO TERMINAL DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a radio terminal 
device, in particular, it relates to the configuration of a 
housing capable of realizing sufficient shock resistance and 
high rigidity as a radio terminal device. 

2. Description of the Related Art 

Conventionally, both of an upper case and a lower case 
of a radio device, such as a portable phone, are formed, in 
general, with a resin for achieving a light weight. However, 
a problem is involved in that if a user drops such a kind of 
radio device inadvertently, the housing might easily break. 

Therefore, it is conceivable to provide the housing 
made of metal so as to reinforce the housing strength and the 
rigidity. However, since the metal does not transmit an 
electromagnetic wave ( an electronic wave) , a 1 though the housing 
made of metal is suitable for shielding electromagnetic waves, 
the housing made of metal is not appropriate to ensure the 
antenna characteristics. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to 
provide a radio terminal device having an antenna in a housing 



while shock resistance and high rigidity capable of preventing 
breakage of the housing are equipped even in the case the radio 
terminal device is dropped from a hand. 

In order to solve the above-mentioned problems, the 
present invention comprises a printed board, a resin housing 
provided so as to cover one side surface of the printed board, 
a metal housing provided so as to cover the other side surface 
of the printed board, and an antenna provided on the one surface 
side of the printed board, wherein the resin housing and the 
metal housing are divided in a region elongating from the one 
side surface to the other side surface of the printed board. 

Accordingly, the effect of providing sufficient shock 
resistance and high rigidity as a portable terminal device, 
capable of preventing breakage of the housing even in the case 
the user drops the device from a hand inadvertently as well as 
the effect of avoiding deterioration of the characteristics of 
the stored antenna can be achieved. 

Since a first aspect of the invention is a radio terminal 
device comprising a printed board, a resin housing provided so 
as to cover one side surface of the printed board, a metal housing 
provided so as to cover the other side surface of the printed 
board, and an antenna provided on the one surface side of the 
printed board, wherein the resin housing and the metal housing 
are divided in a region elongating from the one side surface 
to the other side surface of the printed board, the effect of 



preventing breakage of the housing even in the case the user 
drops the device from a hand inadvertently as well as the effect 
of providing a configuration not inhibiting receipt of an 
electronic wave can be achieved. 

Moreover, since a second aspect of the invention is the 
radio terminal device according to the first aspect, wherein 
the resin housing and the metal housing are divided with a curved 
line, the effect of maximizing the rigidity of the metal housing, 
the effect of avoiding deterioration of the characteristics of 
the stored antenna by providing the metal housing and the stored 
antenna too closely, and further, the effect of providing a thin 
housing can be achieved. 

Furthermore, a third aspect of the invention is the 
radio terminal device according to the first aspect, wherein 
the printed board and the metal housing are connected 
electrically, the effect of sufficiently providing earth can 
be achieved owing to the metal housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a vertical side cross-sectional view showing 

the configuration of a radio terminal device according to an 

embodiment of the invention. 

FIG. 2A is a vertical cross-sectional view taken on a 

different position, showing the configuration of the radio 

terminal device according tc the embodiment of the invention. 
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FIG. 2B is a rear side view showing the configuration 
of the radio terminal device according to the embodiment of the 
invention . 

FIG. 3 is a diagram showing the state of connection 
between the stored antenna 4 and the printed board 9. 

FIG. 4 is a partially enlarged diagram of the housing 
tip portion of FIG. 1. 

FIG. 5 is a graph showing the relationship between the 
distance x and the XY plane average gain of the stored antenna 
4 when it is away from the rear surface of the printed board 
9 by a distance x mm. 

FIG. 6 is a diagram showing the XY plane in the 
appliance . 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
The present invention will be described in detail with 
reference to the accompanying drawings. 

FIG. 1 is a vertical side cross-sectional view showing 
the configuration of a radio terminal device according to an 
embodiment of the invention. As an example of a radio device, 
a portable phone (hereinafter referred to as an appliance) is 
described herein. 

The appliance of FIG. 1 comprises a whip antenna 3 for 
transmission and receipt, a stored antenna 4 for receipt:, a 
receiver 5 for outputting the sound, a liquid crystal display 



portion 6 for displaying characters or marks, a key sheet 7 with 
characters and marks printed thereon, a transmitter 8, and a 
printed board 9 in a housing comprising an upper case 1 and a 
lower case 2, with a detachable battery 10 mounted outside the 
housing for supplying a power source. 

An oscillator for controlling the oscillating 
frequency by voltage (hereinafter referred to as VCO) , a 
temperature compensating type crystal oscillator for 
controlling the frequency stably (hereinafter- referred to as 
VC-TCXO) , a plurality of resistors, capacitors, or the like, 
are mounted on the rear side of the printed board 9 so as to 
provide a receiving circuit portion (not illustrated) 
comprising a low noise and a first mixer. Furthermore, a 
modulator, a power amplifier (hereinafter referred to as PA) , 
a plurality of resistors, capacitors, or the like, are surface 
mounted so as to for a transmitting circuit portion (not 
illustrated) . 

The receiving circuit portion (not illustrated) and the 
transmitting circuit portion ( not illustrated ) are covered with 
a resin shield case 14 for preventing entrance of an 
electromagnetic wave from the outside, or leakage of an 
electromagnetic wave to the outside. 

The shield case 14 is made of a resin material, such 
as acrylonitrile-butadiene-styrene (ABS), with the surface 
thereof applied with the eiectroless copper plating so as to 
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prevent passage of an electromagnetic wave, and furthermore, 
the surface thereof applied with the electroless nickel plating 
so as to provide the anti-corrosion treatment for the 
electroless copper plating. 

As to the configuration of the appliance, the receiver 
5, the liquid crystal display portion 6, the key sheet 7, and 
the transmitter 8 are arranged from above on the front side of 
the printed board 9. Since the receiver 5 and the transmitter 
8 need to be disposed in the vicinity of an ear and the mouth 
of the user, respectively, they are provided at the uppermost 
portion and the lowermost portion. Therebetween is provided 
a liquid crystal display portion 6 above the key sheet 7 so that 
the displayed marks, characters, or numbers inputted by the use 
of keys are not covered by the hand executing the input 
operation . 

The transmitting circuit portion (not illustrated) and 
the receiving circuit portion (not illustrated) are formed in 
the upper part and a controlling circuit portion (not 
illustrated) is formed in the lower part on the rear side of 
the printed board 9. The portions comprise low electronic 
parts . 

The transmitting circuit portion (not illustrated) and 
the receiving circuit portion (not illustrated) are covered 
with the shield case 14 as mentioned above. The controlling 
circuit portion (not illustrated) is formed substantially 



behind the key sheet 7, covered with the inside of the lower 
case 2 applied with aluminum deposition. That is, all of the 
above-mentioned circuit portions are shielded so as 'to prevent 
entrance or leakage of an electromagnetic wave. The 
controlling circuit portion (not illustrated) is covered with 
the deposited surface so as to lower the height thereof. The 
aluminum deposition can be replaced by coating with a 
conductivity. 

A sound hole 11 for introducing sounds generated in the 
receiver 5 to the outside of the housing and projections 12 of 
the key sheet 7 are inserted in the upper case 1. Key holes 
(not illustrated) of the same number as the projections 12 and 
an opening (not illustrated) with the same size as the liquid 
crystal display portion 6 are provided therein, with the opening 
(not illustrated) closed with a transparent window 13 such that 
the user can recognize characters and marks displayed on the 
liquid crystal display portion 6. 

The upper case 1 is made from a metal. In the present 
embodiment, the upper case is formed in a dye cast process with 
a magnesium alloy (AZ91D) containing 9% of aluminum and 1% of 
zinc as the material. The dye cast process is a method of 
forming by pouring a completely molten metal into a special mold 
with a high pressure. 

Examples of other processes include a thixomold process 
of forming by pouring a half-molten metal into a special mold 



with a high pressure. 

Moreover, the magnesium alloy has a small specific 
gravity among metals. The value thereof is" about 1.8 g/cc, 
which is about 2/3 of that of the aluminum alloy. The magnesium 
alloy used in the upper case of the present invention is not 
limited to the above, and the other magnesium alloy having 
different characteristics may be used. 

The metal upper case 1 after formed in the mold is 
applied with the chemical conversion treatment on the front side, 
and only the external surface thereof is applied with coating. 

The chemical conversion treatment is an anti-corrosion 
treatment as well as a treatment for improving the adhesion 
strength of the coating. Conventionally, the so-called 
chromate treatment containing chromium (VI) has been used 
commonly as the chemical conversion treatment. However, since 
the chromium (VI) triggers the pollution problem, a chemical 
conversion treatment not containing the chromium (VI) is 
preferable in consideration of the influence on the 
environment . 

In this invention, a chemical conversion treatment with 
phosphate having a 0.5 Q. or less surface resistance value in 
a salt spray test (5% in concentration, left in an atmosphere 
at 35°C for 50 hours) is selected. As to coating, a primer 
treatment is applied on the chemically converted surface, and 
further, a baking coat is applied thereon. 



As shown in FIGS. 2A and 2B, bosses 18 to be screwed 
by a male screw are provided inside the upper case 1 each at 
two positions in the lower part, center part and upper part with 
respect to the longitudinal direction thereof, substantially 
symmetrical with each other with respect to the center line in 
the width direction. All the bosses 18 have a cylindrical shape 
with a flat portion on the upper surface. A female screw is 
formed by cutting in the center thereof, without having the 
lower end pierced through to the outside. In order to improve 
the mold release property at the time of shaping with a mold, 
a 1 degree or more draft is provided in the periphery of the 
cylindrical part. 

The external surface of the lower case 2 comprises a 
rear portion 15, a battery mounting portion 16 and a cylindrical 
portion 17. The rear portion 15 and the battery mounting 
portion 16, having seat portions 20 to be pierced through by 
screw portions 19 at the positions corresponding to the bosses 
18 of the upper case 1 , are fastened by male screw head portions. 

A sliding hook 21 is provided in the rear portion 15 
for mounting a detachable battery 10 in the case. Since the 
method for mounting is the same as the contents disclosed in 
JP-A-10-1 17224 , which has been filed already in Japan by the 
present inventor, explanation thereof is not provided herein. 

The cylindrical portion 17 for surrounding the whip 
antenna 3 to be pulled out with respect to the housing, slightly 



projects from the rear surface. Since the configuration of the 
whip antenna 3 and the method for holding the same are the same 
as the contents disclosed in JP-ft-9-214225 which has been 
already filed in Japan by the present inventor, explanation 
thereof is not provided herein. 

To this kind of appliances, shock, resistance and high 
rigidity are required for preventing breakage of the housing 
even in the case the user drops the appliance inadvertently from 
a hand. - - 

Therefore, a material satisfying these properties is 
selected. In this embodiment, as mentioned above, the upper 
case 1 made from a metal is formed by the dye cast process with 
a magnesium alloy (AZ91D) containing 9% of aluminum and 1% of 
zinc is used as the material. Further, a resin material, such 
as acrylonitrile-butadiene-styrene (ABS) , polycarbonate (PC) , 
and an alloy material of ABS and PC, is selected as the material 
of the lower case 2 . 

At the time, the external surface is formed with the 
fixed side of a mold (cavity) , and the internal surface is formed 
with the movable side (core) . The peripheral parting line 
(seaming surface of the fixed side and the movable side) is not 
flat, but the battery mounting portion 16 is lower with respect 
to the portion with the cylindrical portion 17 formed, with both 
of them connected with a curved line (see FIG. 2A) . This is 
not only for maximizing the rigidity of the metal case but also 



for avoiding deterioration of the characteristics of the stored 
antenna by providing the metal case and the stored antenna too 
closely. 

As the stored antenna 4, a metal thin plate is attached 
on the case bottom surface with a double-coated adhesive tape, 
with a part thereof connected electrically with the printed 
board 9. As another embodiment, a substantially rectangular 
parallelopiped chip antenna device {not illustrated) can be 
used. As the chip antenna device, for example, a chip antenna 
device disclosed in JP-A-9-0102710 can be used. 

The stored antenna 4 is a plate-like reverse F type 
antenna comprising a metal thin plate to be adhered and fixed 
on the case bottom surface. As shown in FIG. 3, the plate- 
like reverse F type antenna comprises a feeder portion 22 and 
a short circuit portion 23 connected electrically by forcing 
a feeding land 24 of the printed board 9. As to the shape of 
the stored antenna 4, cuttings or slits are provided in a 
plate-like sheet metal for achieving a small size, and a A./4 
electronic length is ensured. 

The stored antenna 4 is only for receipt, and the whip 
antenna 3 is for transmission and receipt. By providing the 
two antennas, a diversity radio device is realized. 

The stored antenna 4 is provided on the case bottom 
surface so as to face to the printed board 9 on the rear surface 
of the printed board 9. A land (not illustrated) for 



electrically connecting the antenna terminal and the printed 
board 9 by forcing the tip of an antenna terminal (not 
illustrated) electrically connected with the~whip antenna 3 is 
provided on the adjacent corner. The receiving circuit portion 
and the radio circuit portion (not illustrated) are formed in 
a region not having the land and the stored antenna 4 mounted 
thereon . 

The shield case 14 is provided on the printed board 9 
so as to cover the receiving circuit portion and the radio 
circuit portion, away from the stored antenna 4 of the land (not 
illustrated) by a predetermined distance. Furthermore, the 
control circuit portion (not illustrated) is formed below the 
receiving circuit portion and the radio circuit portion (not 
illustrated) . The control circuit portion (not illustrated) 
is covered with a metal film applied on the internal surface 
of the lower case 2 so as to be applied with a shield. 

Experiment results of the invention will be described 

below . 

FIG. 4 is a partially enlarged diagram of the housing 
tip portion of FIG. 1. In FIG. 4, the dividing surface of the 
upper case 1 and the lower case 2 are away from the rear surface 
of the printed board 9 by a distance x mm. Measurement results 
of the XY plane average gain of the stored antenna 4 with the 
distance x changed are shown in FIG. 5. The method of taking 
the XY plane in an appliance is shown in FIG. 6. 
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As shown in FIG. 5, in the case the distance x is in 
the plus region, the gain is improved. The inflection point 
exists in the middle of about 1 mm and 0. In the region from 
there toward the minus direction, the gain is lowered. 
Therefore, it is effective to have the distance x as large as 
possible within the range tolerable in designing for ensuring 
the antenna gain. At least the distance x needs to be plus. 

It is apparent that the same effect can be achieved also 
in the case the stored antenna- is a chip antenna mounted on the 
rear surface of the printed board 9. 

Furthermore, although it is not illustrated, earth can 
be provided sufficiently via the metal case and the user's hand 
by electrically connecting the printed board 9 and the metal 
upper case 1 . 

Moreover, the upper case and the lower case are divided 
with a curved line. This is for providing the device with a 
substantially same thickness in any portion so as to be easily 
grasped. Moreover, by providing the highly rigid metal surf ace 
cover like a box from the upper end to the lower end, the bend 
and twist rigidity of the device is improved. In the case the 
upper and lower cases are divided with a straight line, a 
substantially box-like shape can be formed in the vicinity of 
the liquid crystal and the receiver since the side walls can 
be formed thereat. However, since the key portion is lower and 
the side walls cannot be formed, the bend rigidity in the portion 
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is deteriorated remarkably, and thus the dividing line is 
provided with a curved line as in this embodiment. 

As apparent from the explanation given so 'far, since 
the present invention comprises a printed board, a resin housing 
provided so as to cover one side surface of the printed board, 
a metal housing provided so as to cover the other side surface 
of the printed board, and an antenna provided on the one surface 
side of the printed board, wherein the resin housing and the 
metal housing are divided in a region elongating from the one 
side surface to the other side surface of the printed board, 
the effect of providing sufficient shock resistance and high 
rigidity as a portable terminal device, capable of preventing 
breakage of the housing even in the case the user drops the device 
from a hand inadvertently as well as the effect of avoiding 
deterioration of the characteristics of the stored antenna can 
be achieved. 



What is claimed is: 

1. a radio terminal device comprising: 

a printed board having a front surface and a rear 

surface; 

a resin housing covering the rear surface of the printed 

board ; 

a metal housing covering the front surface of the 
printed board; and 

an antenna disposed on a side of the rear surface of 
the printed board, 

wherein a part of the printed board is accommodated in 
the resin housing; and 

an remaining part of the printed board is accommodated 
in the metal housing. 

2. The radio terminal device according to claim 
1, wherein the resin housing and the metal housing are joined 
with each other by a curved line from a viewpoint of the side 
of the radio terminal device. 

3. The radio terminal device according to claim 
1, wherein the printed board and the metal housing are connected 
with each other electrically. 



The radio terminal device according to claim 



1, wherein the antenna is disposed near an end portion in the 
remaining part of the printed board. 



ABSTRACT OF THF, D ISCLOSURE 
The present invention is for providing a radio terminal 
device having shock resistance and high rigidity capable of 
preventing breakage of the housing even in the case it is dropped 
from a hand, without the risk of deteriorating the performance 
of the stored antenna. The radio terminal device according to 
the invention comprises a printed board, a resin housing 
provided so as to cover one side surface of the printed board, 
a metal housing provided so as to cover the other side surface 
of the printed board, and an antenna provided on the one surface 
side of the printed board, wherein the resin housing and the 
metal housing are divided in a region elongating from the one 
side surface to the other side surface of the printed board. 



1/4 

FIG.1 




FIG.3 




4/4 



FIG.6 




Attorney's Docket No. 32439 



COMBINED DECLARATION AND POWER OF ATTORNEY 
IN ORIGINAL APPLICATION 

(Sole or Joint - Foreign) 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my 

name. 

I believe that I am the original, first and sole inventor (if only one name is listed 
below) or an original, first, and joint inventor (if plural inventors are named below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

RADIO TERMINAL DEVICE 



the specification of which 
XX is attached hereto. 

was filed on as application Serial No. z and 

was amended on . 



I hereby state that I have reviewed and understand the content of the above-identified 
specification, including the claims (Pearne, Gordon, McCoy & Granger Docket No. 32439 ), 
as amended by any amendment referred to above. I acknowledge my duty to disclose 
information of which I am aware which is material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 
119, of any foreign application (s) for patent or inventor's certificate listed below, and have 
also identified below any foreign applications for patent or inventor's certificate having a 
filing date before that of the application on which priority is claimed. 

Application Filing Date Priority Claimed? 

Country Number fday/month/yeaf) Yes No 

Japan Pat. Hei. 11-073809 18/March/ 1999 Yes 



1 



I hereby designate the following as my mailing address and telephone number: 

Pearne, Gordon, McCoy 8c Granger 
1200 Leader Building 
Cleveland, Ohio 44114 
(216) 579-1700 

and appoint each of the following as my attorneys with full power of substitution and 
revocation, to prosecute this application and to transact all business in the Patent and Trademark 
Office connected therewith: 



Charles B. Gordon, Reg. No. 16923 
William C. McCoy, Reg. No. 16885 ' 
Richard H. Dickinson, Jr., Reg. No. 18622 
Thomas P. Schiller, Reg. No. 20677 
David B. Deioma, Reg. No. 22841 
Joseph J. Corso, Reg. No. 25845 
Howard G. Shimola, Reg. No. 26232 
Jeffrey J. Sopko, Reg. No. 27676 



John P. Murtaugh, Reg. No. 34226 
James M. Moore, Reg. No. 32923 
David E. Spaw, Reg. No. 34732 
Michael W. Garvey, Reg. No. 35878 
Mark E. Bandy, Reg. No. 35788 
Paul R. Katterle, Reg. No. 36563 
Richard M. Mescher, Reg. No. 38242 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



(1) Inventor (sole or joint): Noriyoshi SAT0H 



Citizenship: Japan 



Signature 



Date February 10 , 2000 • 

Residence: Kanagawa, Japan 

Post Office Address: 133-6, Shinyoshida-cho, Kohoku-ku, Yokohama-shi, 
Kanagawa , J ap an 



2 



(2) Inventor (joint): At sushi sobukawa 
Citizenship: Japan 
Signature 

Date February 10 , 2000 

Residence: Shizuoka, Japan 

Post Office Address: 56, Higashimachi, Hamamatsu-shi, Shizuoka, Japan 



(3) Inventor (joint): 
Citizenship: 

Signature 

Date 

Residence: 

Post Office Address: 



(4) Inventor (joint): 
Citizenship: 

Signature 

Date 

Residence: 

Post Office Address: 



3 



